Experimental Methods

General Remarks and Instrumentation
Unless otherwise noted, all reactions were carried out using standard Schlenk-line techniques under an inert atmosphere of argon (Linde, HiQ Argon 5.0, purity ≥99.999%). Commercially available chemicals were used without further purification. Acetonitrile was available from a MBRAUN MBSPS-800 solvent system. The ligand C 10 H 18 N 4 S 4 O 8 (L B ) [1] was synthesized according to literature procedure with a purification of L B with boiling pyridine, filtration and washing with water. The Elemental Analysis was performed on a VARIO EL. Mass spectrometry was performed on an Agilent 6210 ESI-TOF.
Single-Crystal X-Ray Diffraction
X-ray data were collected on a Bruker D8 Venture system at 100(2) K using graphitemonochromated Mo Kα radiation (λα = 0.71073 Å). The strategy for the data collection was evaluated by using the APEX2 software. The data were collected by ω-and φ-scan techniques and scaled and reduced using the APEX2 and SADABS software. The structures were solved by intrinsic phasing or direct methods using SHELXT-2014/5 and refined using SHELXL-2014/7 by full-matrix least squares, refining on F 2 . Non-hydrogen atoms were refined anisotropically. [3] [4] [5] [6] [7] [8] CCDC 1877351 (2) contains the supplementary crystallographic data for this paper.
SQUID Magnetometry
Samples were measured as pressed powder pellets wrapped in teflon tape. The instrument used was a Quantum Design MPMS3 SQUID magnetometer. Data were corrected for the diamagnetic contribution to the susceptibility by means of Pascal's constants. [9] 
Computational Details
Multi-configurational LDF-CAHF/SA-CASSCF/CASPT2/SI-SO [10] [11] [12] [13] [14] (local-density-fitted configuration-averaged Hartree-Fock / state-averaged complete active space self-consistent field/ complete active space perturbation theory of second order followed by state-interaction through spin-orbit coupling) ab initio calculations were performed for 2 . The calculations were carried out with the Molpro [15] [16] suite of ab initio programs using the measured crystal structure. Only the trianionic part of 2 was included in the calculations. One of the two Co . First, the radical ligand was reduced to the closed-shell form by adding one electron and then a LDF-CAHF calculation was performed. The active space for LDF-CAHF included 7 electrons of Co 2+ in five 3d-type orbitals (CAS (7, 5) ). In a second step, the additional electron was removed to obtain the radical form of the ligand. The LDF-CAHF orbitals were then used as starting guess for a subsequent SA-CASSCF calculation including two further closed-shell orbitals (corresponding to -orbitals of the bridging ligand) a two further virtual orbitals (corresponding to * -orbitals of the bridging ligand) into the calculation, i.e. CAS (10, 9) , while the remaining closed-shell orbitals were kept frozen on LDF-CAHF level of theory. 10 quintet and 10 triplet states were calculated in these calculations. The SA-CASSCF wave functions were used as reference for multi-state internally contracted CASPT2 calculations [13] [14] where only the active orbitals were correlated. The spin-orbit matrix was built and diagonalized in the basis of the 10 quintet and 10 triplet roots obtained by SA-CASSCF. The multi-state CASPT2 energies were used to replace the diagonal elements of the spin-orbit matrix to correct them by inclusion of dynamical correlation. The Breit-Pauli SO-operator was used, employing the atomic mean field integral (AMFI) approximation, for the SO-coupling step} [17] [18] . The basis set employed for Co and Zn was def2-TZVPP [19] and the corresponding def2-TZVPP-JKFIT [20] basis set was used for the density fitting in LDF-CAHF. The directly coordinating N atoms in the close vicinity of Co and Zn were described by a cc-pVTZ [21] basis set and the corresponding auxiliary basis set for them were cc-pVTZ-JKFIT [22] . For the remaining elements, the cc-pVDZ 12 basis sets and the corresponding cc-pVDZ-JKFIT [22] basis sets for density fitting were used. Only the four most outer C atoms were given a def2-SVP [19] basis set and a def2-SVP-JKFIT [20] basis set for density fitting. Moreover, a minimal basis [23] (MINAO) was employed for H, but still the ccpVDZ-JKFIT [22] basis sets for density fitting. .888 mmol, 3 eq), potassium tert-butoxide (265.6 mg, 2.37 mmol, 8 eq) and 18-crown-6 (234.7 mg, 0.888 mmol, 3 eq) were suspended in a Schlenk flask with MeCN (60 ml). The colorless to light yellow suspension turned to a pink suspension while it was stirred for 45 minutes at room temperature. Co(BF 4 ) 2 · 6 H 2 O (201.6 mg, 0.592 mmol, 2 eq) was added to the pink suspension. This dark pink reaction mixture was stirred for 1.5 hours at room temperature. Then pure oxygen was passed through the reaction mixture for 15 minutes, the color changed from dark pink to violet. Stirring was continued for another hour. The solvent volume was reduced to 12 -13 ml and the suspension was passed through a syringe filter. The reaction mixture was stirred overnight. Crystals of 2 were obtained by diffusion of diethyl ether into the acetonitrile solution. Anal. Calcd. (found) for C 66 Figure S1 . ORTEP view of 2 in the polymeric chain of the crystal. Each unit of a dinuclear Co-complex is connected to the next through a crown-ether-encapsulated potassium counter ion by interactions with the oxygen atom of terminal sulfonyl-groups. Ellipsoids shown at 50% probability level. H atoms (except for NH groups) omitted for clarity. Formulas for the calculation of τ 4 and τ δ : [24] [25] -
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α and β = two largest θ angles in the four-coordinate species Figure S2 . In phase (χ') (left) and out-of-phase (χ") (right) components of the dynamic susceptibility as a function of temperature of applied magnetic field recorded on a pressed powder sample of 2 in zero external field at different temperatures as indicated by the color scale. Figure S3 . Cole-Cole plot of χ" as a function of χ' derived from the measurements displayed in Figure 3 . The inset shows the high-temperature data Figure S4 . Comparison between χ T -χ S (ac measurement) and χ p (dc measurement), demonstrating that the entire sample is involved in the slow relaxation. Figure S5 . DC magnetization decay curves as a function of time recorded on a pressed powder pellet of 2 at 1.8 K [42] [Dy 4 (μ 3 -OH) 4 (BPyTz This is a single-chain magnet, for which the energy barrier derives from a combination of zero-field splitting and exchange interaction. Thus a comparison to single-molecule magnet (energy barrier derives solely from zero-field splitting) is not really valid.
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c These are poorly defined, non-isolable metal-carbene species generated by in situ photoirradiation at low temperatures. 
